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propulsion. Resupination is delayed.
Hypothetically during the push-oli phasc the
pronation moment produced by the ground
reacuon foree flattens the arch by rotating the
subtalar joint. Thus the plantar ligaments have
o resist the excessive and prolonged 1ension
force caused by the abnormal range of
pronation and the delay of resupination.

In addivion to strewhing the plantar ligaments,
the cxcessive pronation of the subtalar joint
produces prolonged internal rotation of the leg,
This forces the patella laterally out of the paellar
groove of the femur (Ramig ef al.. 1980). In the
patellofemoral articulation the patella normally
slides smoothly over the groove in the anterior
femur. With subtalar pronation, the patalla rides
over the lateral aspect of the patellar groove and
the  patellar  cartilage  becomes  rritated,
Chondromalacia patellae, a painful condition of
the knee, can be caused by this extrinsic
hiomechanical factor {Beckman, 1980).

Conservative management of paticnts with
flexible flat foot is the recommended form of
treatment by Lovell er af. (1986). Basmajian
and Deluca (1985) concluded that muscle
activity is not needed to support the arch ol the
fully loaded foot at rest but only when stress is
applied, as at heel off, the aim of cxercise is to
strengthen the foot muscle only to prevent
injurics that may be caused by ligamentoos
laxity. However in the presence of heelcord
contracture. stretching exercises are prelcrred
and orthoses are rarely indiculed.

Various orthoses have been used in the
management of flexible flat foot. These include
a wide variety of comective shoes, arch
supports, and shoe inserts (Miller, 1990). These
orthoses are mechanical devices designed 1o
cotrect and maintain the foot near the oplimum
position so as fo increase the efficiency of foot
mechanics during walking or running and thus
encourage normal development of the foot
(Hellet. 1980). Based on static radiological
data. Bordelon (1980). and Bleck and Berzins
(1977) reported that signilicanl correction of
flexible flat foot deformity could be achieved
by the use of orthoses. In contrast, Penneau et
al, (1982} and Wenger ¢ al. (1989) suggested
that the use of orthoses could not make
permanent changes to the flexible flau foot.
However none of the above reporied on the
functional outcome of the orthotic reatment.

This study aimed to quantify the immediate

etfect of orthotic treatment for Nexible lat foot
before establishing a longitudinal study to
investigate lopg term outcomes. The specific
objective of this study was to compare the
kinctic and kinematic variables betwcen the
orthotic (with orthosis and shoe) and the shod
(with shoe only) conditions with a vicw to
evaluating the immediate biomechanical effects
of the influences of the orthosis on the ankle-
foot complex and the knee joint.

Method

Subjects

Eight subjects, 7 {emales and | male
participated in this study. They were between
the ages of 4 and ] ycars (mean age for all
subjects was 6.3 vears) and were referred from
the pacdiatric orthopacdic clinic of the Queen
Elizaheth Hospital, Hong Kong. Each subject
received a  lower limb  musculoskeletal
cxamination. Measurement of range of motion
of the ankle joint and subtalar joinl was
performed to ensure that they all had various
degree of bilateral flexible flat feet that were not
compensation of forefool deformities or other
confounding pathology.

Orthaosis

Each subject was litted with a pair of orthoses
commoenly uscd in Hong Kong based on the
UCBL (University of California Biomechanics
Laboratory) shoe insert design (Henderson and
Campell, 1967; Kogler er «f., 1996). Since the
partial weight bearing casting method suggested
by Henderson and Campell was not considered
ideal by the authors for obtaining a neutral cast
of the foot with the subtalar joint in the neutral
posidon, a non-weight-bearing pronc casting
method was employed (McPoil et al., 1989).
Following the application of plaster bandages to
the foot to form the negative impression the
orthotist used the thumb and index lingers 1o
palpatc the head of talus to ensure that the
subtalar joinl was in the neutral pasition. The
midtarsal joinl was fully locked by applying a
dorsifllexion foree through the thumb of the
other hand. placed on the plantar surface of the
fourth and {ifth metatarsal heads, which
dorsillexed and abducted the forefoot. The
negative impression was used to create a
positive cast,

Moudifications to the positive cast included




Subject 1 2 3 5 6 7 8
Sex F F F F F M F E
Age 11 11 I 9 4 5 4 5
Weight (N) 325 2774 270 341 165.8 170.5 i73 206
Arch Index 0.32 0.39 0.35 0.37 0.35 0.34 0.39 038




Arch Index (AI) = B/(A+B+C)
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Mean Standard
Variables Description value deviation
2 second peak lateral force -1.8% 23%
11 average medial-lateral torce over the stance phase 1.5% 1%
23 stance time delay for the occurrence of the external torque peak 2.5% 2.7%
24 maximum eversion -37.1% 9.1%
28 total eversion -39.5% 10.8%
34 stance time delay for the occurrence of maximum eversion 16.2% 7.1%
29 rearfoot angle at maximum eversion 3.5% 1.1%
33 total rearfoot angular change -38% 11.8%
37 knee angle at maximum eversion 2.4% 23%
38 ankle angle at maximum dorsiflexion -28% t.6%
42 atance time delay for the occurrence of the maximum dorsiflexion 4.8% 7%
39 ankle angle at maximum eversion 13.4% 6.8%
43 stance time delay for the occurrence of heel off 83% 38%
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function and grow in appropriate alignment
with less stressful force on the soft tissuc. If the
growing foot develops and lunctions in the
shape in which it is held, in the long run, the
ligament laxity would be reduced and the
dynamic deformity would be corrected.

From the results of this experiment several
gail paramcters have been quantified that could
demonstrate  the immediate effect of the
modified UCBL shoe insert. The direction and
magnitude of the movement of the joints
collected by the iwo-dimensional system
suggested that the orthotic inlervention had
positive effects on the motions of the subtalar,
ankle and knee joints. These results suggest that
the use of a modified UCBL shoe insert for
flexible flat foot suhjects may reduce the
magnitude and duration of abnormal pronation
during the stance phase of gait and this may
reduce the abnormally high stress on the plantar
ligaments and lessen abnormal tibial external
rotation. The reduction of the abnormal motion
should also relieve the associated heel and knee
pain causcd by the pathomechanics. Particularly
even after heel-off, without the use of an
orthosis the subtalar joint continued to pronatc:
but with the orthosis carlier resupination of the
subtalar joint was encouraged.

The result of this within-subject single
measurernent  experiment  only  provided
information about the immediate effect of the
orthotic trcatment. The natural history of the
flexible flat foot has not heen explained.
Longitudinal studies with mulliple
measurements and use of a control group would
be necessary. The arch index (Canavagh and
Rodgers, 1987} used in this study to quantify
thc degree of flat foot is based on the
cumulative measure of plantar pressurc on the
foot. As flat foot induces a lot of dynamic
changes in the ankle-Tool complex during gait, a
measure of the transient pedobarographs during
certain specific instants should be a more
meaninglul iodicator  of  loot types. The
accuracy of the force platform was 22 Newtons.
Thus the force platform could not detect the
difference beltween the shod and the orthotic
conditions at less than this valuc. Devices such
ay in-sole pedobarograph system could be used
to investigale the plantar surface loading
distribution (Hennig et al., 1994). The proposed
method could also record data of multiple steps
instead of the ‘one step’ approach of the single

platform system (Chang er al., 1994), The (wo-
dimensional system has already detected some
kinematic and kinetic changes due to the
orthotic intervention. To  investigate  the
relationship among the sublle kincmatic
changes at different joints a three-dimensional
analysis system should be attempted.

A high degree of ligament laxity in the Hong
Kong population has been reported (Cheng et
al., 1991). The normal values of the parameters
that have been discussed may nol be applicable
for the Chincsce children in Hong Kong. In
parallel to this study, a project was starled to
develop the norm to classify fool shape by
investigating the dynamic foot prints of subjects
ranges from 4 10 18 years of age. Future work
will be the establishment of an indicator for
screening of the abnormal, flexible flat foot, and
an cvaluation of the efficiency and cfficacy of
the orthotic treatment in well defined flat foot
subjects through the study of the relationships
between plantar surface loading on the foot and
three-dimensional joint motion of the lower
limb, Since the plantar foot pad will not
diminish fully until the age of 4 years, taking
into account the development of the normal
loot. an ideal Tongitudinal study of orthotic
treatment involving subjects of at least 5 years
of age should be undertaken. A parallel control
group with no treatment should be established
to investigate the long term effeet of orthotic
treatment for flexible flat foot.
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